A variety of cardiovascular and cerebrovascular diseases are associated with alterations in cholesterol levels and metabolism. Moreover, convincing evidence shows that high cholesterol diet can lead to learning and memory impairments. On the other hand, a significant body of research has also demonstrated that learning is improved by elevated dietary cholesterol. Despite these conflicting findings, it is clear that cholesterol plays an important role in these cognitive properties. However, it remains unclear how this blood-brain barrier (BBB)-impenetrable molecule affects the brain and under what circumstances it provides either detrimental or beneficial effects to learning and memory. The aim of this study was to characterize the effects of 5% cholesterol diet on six-month-old inbred Brown Norway rats. More important, we sought to examine the role that cholesterol can play when repeated anesthesia and intravenous infusion disrupts cognitive function. This present study supports previous work showing that enriched cholesterol diet leads to significant alterations in neuroinflammation and BBB disruption. Following repeated anesthesia and intravenous infusion of saline we observe that animals under normal diet conditions exhibit significant deficiencies in spatial learning and cholinergic neuron populations compared to animals under enriched cholesterol diet, which do not show such deficiencies. These findings indicate that cholesterol diet can protect against or counteract anesthesia/infusion-induced cognitive deficits. Ultimately, these results suggest that cholesterol homeostasis serves an important functional role in the brain and that altering this homeostasis can either exert positive or negative effects on cognitive properties.
Introduction
Cholesterol is a critical component of the central nervous system involved in the maintenance of normal brain function including synapse formation, receptor function, synaptic plasticity, and signaling. Converging evidence indicates that altered cholesterol levels and/or metabolism are associated with changes in learning and memory (Darwish, Wang, Konat, & Schreurs, 2010; Schreurs, 2010) .
Several studies have shown that animals under enriched cholesterol diet exhibit significant cognitive deficits (Darwish et al., 2010; Granholm et al., 2008; Thirumangalakudi et al., 2008) and neuropathological changes (Schreurs, 2010; Sharma, Prasanthi, Schommer, Feist, & Ghribi, 2008; Sparks, Kuo, Roher, Martin, & Lukas, 2000; Xue, Sparks, & Streit, 2007; Zatta, Zambenedetti, Stella, & Licastro, 2002) . In a previous study, we demonstrated that Sprague-Dawley rats on a 5% cholesterol diet exhibit prominent cholinergic, learning, and memory deficits, as well as significant losses in blood-brain barrier (BBB) integrity (Ullrich, Pirchl, & Humpel, 2010) . Moreover, epidemiological studies have shown that elevated midlife plasma cholesterol levels can increase susceptibility to dementia and that the use of statins, cholesterol-lowering drugs, may provide a protective effect against later development of dementia (Di Paolo & Kim, 2011; Haag, Hofman, Koudstaal, Stricker, & Breteler, 2008; Reiss & Voloshyna, 2012) . However, other investigations have shown that enriched cholesterol diet can lead to positive and beneficial effects in learning abilities (Dufour, Liu, Gusev, Alkon, & Atzori, 2006; Micale et al., 2008; Miller & Wehner, 1994; Schreurs, Smith-Bell, Darwish, Stankovic, & Sparks, 2007) . Moreover, contradictory results claim that cholesterol reduction through the use of statins does not improve memory, making it difficult to draw conclusions about the relationship between cholesterol levels and cognitive function (Schreurs, 2010) . We speculate that these inconsistencies exist due to variations in the amounts of cholesterol given, diet duration, animal age, and animal species/strain.
Convincing evidence demonstrates that cholesterol plays an important role in learning and memory, however, the effects of cholesterol diet and the mechanisms by which cholesterol influences these cognitive functions remain unclear. In this study we sought to examine the effects of high cholesterol diet on spatial learning and brain pathology in Brown Norway rats and what role
